A new expression is presented for estimating the dielectric constant of a fuid mixture as a function of temperature, density and composition. The estimated dielectric constants (and their derivatives) are required for phase-equilibrium calculations, based on an equation of state, for systems containing electrolytes and nonelectrolytes. The new expression holds for the entire range of fluid densities, from zero to liquid-like densities. Mixing of components is performed on a volume-fraction basis at constant temperature and constant reduced density. For polar components where data are not available at the temperature and~or reduced density of interest, the well-characterized behavior of water is used to extrapolate the available pure-component data. The importance of using the correct density of the mixture is shown. Using one adjustable parameter for each nonideal binary subsystem, predicted results can be significantly improved.
INTRODUCTION
The static dielectric constant is of central importance in the thermodynamics of electrolyte solutions. In particular, the dielectric constant and its derivatives with respect to density and composition play important roles in an equation of state now under development for vapor-liquid equilibria in fluid mixtures containing electrolytes. ~1) For calculating fugacity coefficients from an equation of state, it is necessary to compute the dielectric constant and its derivatives over the entire composition range, at densities ranging from zero to liquid-like densities, and at all temperatures of interest. We present here an expression for the dielectric constant which is suitable for use over this broad 'Materials and Chemical Sciences Division, Lawrence Berkeley Laboratory and Chemical Engineering Department, University of California, Berkeley, California 94720. spectrum of conditions, utilizing the dielectric theory of Kirkwood C2) and the equation of Uematsu and Franck C3) which describes the dielectric constant of water over a wide range of temperature and density.
CONVENTIONAL METHOD
The most successful simple theory for the dielectric constant of a pure fluid (particularly for polar fluids and associating liquids such as water) is that due to Kirkwood, (2) where the polarization is expressed as a function of polarizability o~, dipole moment Ix, and the g-factor, which represents the amount of correlation between neighboring dipoles: 4/rAVA -+ lxZg)
(1)
P = P 3---~ t~ 3kT
Here P is the molar density, NA is Avogadro's number, and p is the polarization per unit volume, related to the static dielectric constant D by p = (D-1)(2D+I)/9D
(2)
The more complex Kirkwood-Fr6hlich theory ~ is better justified from a theoretical standpoint, but it is not as readily extended to mixtures. For our purposes, the improvement over Kirkwood's theory is not sufficient to justify the additional complication. Bbttcher ts) describes the assumptions and limitations of various theories of dielectric constants. A rigorous extension of Kirkwood's theory to mixtures would require a complicated description of orientational correlations among various polar species in the mixture; this is clearly not practical. The simplest approach is to assume that the polarization (and hence the g-factor) for each pure component is unchanged upon mixing at constant temperature T and pressure p,2 producing the following expression for the polarization of a mixture of n components
where x~ is the mole fraction of species i, vi, and pi are the molar volume and polarization per volume for pure component i at T and P, and subscript m refers to the mixture. This is generally known as Oster's rule, 2p in this work alwayssignifies the pressure and should not be confused with the total polarization or the molar polarization, each of which is sometimes given this symbol in the literature.
